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Buabl MmonuuIPOBaHHBIX KOHACHCAIIMOHHBIX MIOBEPXHOCTEH 1JISl OIePKaHUs KaneJbHOll KonaeHcanuu [1-5]

[ToBepxHOCTH Kpatkoe onucanue IIpeumymecrsa Henocrarku
IToBepxHOCTH AEMOHCTPUPYIOT VYBennueHHOe TEPMHUUECKOE CO-
Cynepruipo- | BBICOKHE yITIbI KOHTaKTa M HU3KHE | CrIOCOOCTBYIOT OTCKAKMBAHUIO | IPOTUBIICHHE NIPU OANHOYHOM
(hobHas CBOMCTBA NPUJIMIIAHUS BCIEJCTBUE |Kallellb OT IIOBEPXHOCTEH, UTO | poCTe Kalelb 1 3aJIUB TOBEPX-
MIOBEPXHOCTh | CTPYKTYpPHO JIOCTUTHYTOH rMApo- | MHTeHCH(HULIUPYET TEMII000MEH | HOCTH IIPU 3HAYUTEIHHOM IIepe-
¢dhobHOCTH rpese mapa
CrocoOCTBYIOT CHOHTAHHOMY
Hepapxuuec-
JIBIDKCHUIO Kallellb, YBEININBAs
KUe€ cyIlep- [ToBepxHOCTH HOPMHUPYIOTCS 3anMB MOBEPXHOCTH MPH 3HAYH-
YYacTKHU TIOBEPXHOCTH IS TIep-
ruJpo(oOHbIE | M3 MUKPO- M HAHOTIOKPBITHS . ., | TenbHOM meperpese mapa
BUYHON BHICOKOMHTCHCUBHOM
IIOBEPXHOCTHU
KOH/ICHCAIINH
Bid [ToBepxHoctu popmupyrorcs CrnocoOCTBYIOT ITpOCTpaH- B03MOXXHOCTH BO3HUKHOBEHHMSI
nuIbHBIC
13 TUAPOGOOHBIX U THIPOPUIBHBIX | CTBEHHOMY KOHTPOJIIO 00pa30- |3HaYMTEIbHOTO rUcTepe3nuca
MOBEPXHOCTH .
P y4acTKOB BaHMU Karlellb yIjla KOHTaKTa
IToBepxHOCTH ¢ HU3KMM 3HaueHH- | CIIOCOOCTBYIOT HU3KOMY TUCTe-
[ToBepxHocTn N D¢ dexTrr apeHaxka cMa30qHOTO
€M ITOBEPXHOCTHON 3HEPTUU C HAa- | PE3UCY U KOHTPOIIIO MIIOTHOCTH
C MaCIISTHBIM N N Marepuasa HeJ[oCTaTOYHO U3yye-
HECEHHOH Ha Hee ruapodoOHOI IIPOCTPAHCTBEHHOTO pacIpese-
MarepragoM HBI ¥ KOHTPOJIMPYEMBI
AKHUIKOCTBIO JICHUS Kamelb

B HECKOJIBKO HaHOMETpoB. Ha Takoil moBepXHOCTH
Karisl mpuHuUMaeT ¢opmy, OnmM3Kyo K cdepuuec-
koil. KoHjeHcar jierko cKarbIBaeTCsi C TaKOMl Io-
BEPXHOCTH. DTOT 3(PPEKT yCHEemHo MpUMEHsETCS
JUTSL CO3aHUsA CyneprupodoOHBIX TOBEPXHOCTEH.

['paden sBrsieTcss OMHOW U3 ATOTPONHBIX (HOPM
yIiiepo/a u mpeacTaBisieT co00i IByMEpHYIO MOAH-
bukauio yriepoaa TOJIIMIWHOW B OMuH atoM. Mare-
puaity mpucyia 60pias MexaHu4ecKast )KeCTKOCTh
(o 1 TIla) m pexopaHas TEIJIONPOBOAHOCTh
(5-103 Bt/(m-°C)). Takoe MOKpPHITHE B MIEPCIICKTHBE
MOXeET MPHOIN3UTHCS IO CBOUM CBOMCTBaM K Hjie-
aIbHOMY MOKPHITHIO [3]. MOHOMONEKYISIPHBIH CII0M
rpadeHa Mo3BOJISIET CMEHUTh PEKUM KOHACHCALIUU
Ha KameabHBIH M CYIIECTBEHHO WHTEHCU(DULIUPO-
BaTh TEIJIO0OOMEH.

Jis nHTeHCH(UKAIMK TEII00OMEHHBIX TpolLec-
COB MIPU KOHJCHCAIMH LEIeCO00pa3HO CO3/1aHHe
ruapoOOHBIX MOBEPXHOCTEH C LIEPOXOBATOCTHIO,
MEHbIIIeH, yeM pa3mep kanwuisapa (puc. 1). Ile-

pOXOBaTble MOKPHITHS C MaJbIMU 3HAUYEHUSIMH I10-
BEPXHOCTHOM SHEPTHHM CHOCOOCTBYIOT CO3IaHHIO
cynepruapodoOHBIX MOBEPXHOCTEH, i KOTOPHIX
yrojl KoHTakTa mpesbiman Obl 150°, a ructepesuc
yIJla KOHTaKTa npuomxkancs obl k 0°.

Takue MoBEpXHOCTU AAIOT BO3MOXKHOCTH Pery-
JUPOBaTh PEXKHUM KOHJIEHCALMM 3a CUET H3MEHe-
HUSl €€ CBOMCTB M IeOMEeTpHM HOKpbITHS [2]. DTO
MO3BOJIIET ONPEAETUTh MOP(OJIOTHIO0 KOHJEHCaT-
HBIX OOpa3oBaHui OT Kamenb Bensens mo kamenb
Keiicu (puc. 2). Kannu Bensenst xapakrepusyrorcs
OonbIIell aare3neil U acCOUUUPYIOTCS CO CMAavYMBa-
IOIIMM THUIIOM KOHJICHCATHBIX 00pa3oBaHHWM. IJTH
KaruTi CTI0COOHBI TOKOUTHCS Ha KOHYMKAX BOJIOKOH
MUKPOHHBIX pa3MepoB. BONBIIMHCTBO cymepru-
PO OOHBIX MOBEPXHOCTEW OMEPUPYET C KaIUIIMU
Keticu, xorja orpaHnyuBaeTcs “mpuiunanue” KOH-
JieHCaTa W ycwimBaeTcss ruapodoOHOCTh. B 3ToM
Cllydae CO3JAl0TCsl KOHJEHCATHbIE 00pa30oBaHUs
TaK Ha3bIBa€MOro IojBelIeHHoro tuna. He Bcerna

Puc. 1. Bapuanutsl ruipooOHBIX TOBEPXHOCTEN: ¢ — IIOBEPXHOCTH € 01MO(OOHBIM MOKPHITHEM (MUHEpAIbHBIE Maciia); 6 — IIOBEPXHOCTh
C HaHOIIOKPBITHEM; 8 — IOBEPXHOCTb C MUKPOIIOKPBITHEM; 2 — IOBEPXHOCTH ¢ KOMOMHUPOBAHHBIM ITOKPBITHEM
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Puc. 2. Tunbt kanesnb (n1300paxeHne 112.5X), KOTOpbIE MOTYT CyIIIe-
CTBOBATH Ha TEIIIOOOMEHHOI! ITOBEPXHOCTH B COOTBETCTBHU C KJIac-
cu¢ukanueit Poysa [2]: a — xarum Bensenst; 6 — xarumm Keiicu

MOXXHO YE€TKO I/I)IGHTI/I(bI/IHI/IpOBaTI) TUIIBI KOHJACH-
CaTHBIX 00pa30oBaHMA, OCOOEHHO TMPH OTCYTCTBUHU
cpencts Bu3yanmzanun. GakTundecku OOIBITMHCTBO
COBPEMECHHBIX ITPOLECCOB KanenbHOMI KOHJACHCAITUH
UMEIOT JIeTI0 CO CIIy9asMH YaCTHMYHOW HECMadu-
BaGMOCTH W YACTHYHOW cMaynBaeMocCTH (puc. 3).
Bo3HnkHOBEHHE TOTO HIIH Apyroro Tuiia KOHJCH-
cara 3aBHCHUT OT COCTOSIHHSI TOBEPXHOCTH U €€ TI0-
KPBITHSL.

KiroueBsIM (heHOMEHOM KarenabHOM KOHJEHCa-
MU Ha CynepruapodoOHBIX MOBEPXHOCTAX SIBIIS-
€TCsl CITOCOOHOCTh Karenb pazmepamu 10 10 Mxm
OTCKakKMBaTh Npu ux ciausiHuu [4]. OTCKOK Kamenb
OT TIOBEPXHOCTH 110 HOPMAJIU MPOMCXOINT 32 CUET
M30BITOYHON PHEPTMH Ha TpaHUIEe NIBYX (a3 To-
BEPXHOCTHOTO CJIOs, OOYCIJIOBJICHHOW pa3HUIICH
MEKMOJICKYJIIPHBIX B3aMMOJICHCTBUH B ATHX (pa3ax,
KOTOpask MPEeBpaIaeTCs B KHHETUUECKYIO YDHEPTHIO.
CamoIpou3BOIbHBIE OTCKOKHM Kamelb JaloT BO3-
MOXHOCTb CYIIIECTBOBAHUS AJTBTEPHATUBHOTO METO-
Jla TPAHCHIOPTUPOBAHUS KOH/ICHCATA.

[To cpaBHEeHHUIO ¢ OONBIIMM 0OBEMOM HCCIIEHO-
BaHMH KOHJICHCAIIMM BOJSHOTO Iapa JOCTATOYHO
MaJI0 BHUMAaHHS YACTSACTCS KHUIKOCTSIM C MaJbIMH
3HaUEHMSIMH KOd3(p(PUIIMeHTa MOBEpPXHOCTHOTO Ha-
TsDKeHUs. [I[puMepamMu MOTYT CITy>KUTb YIJIEBOJIOPO-
Il (9TaH, MPONaH, TUJICH); XJIaJareHThl — (YPEOHBI
(B TOM YHCIIe ¥ 030HOHEPA3PYIIAIOIINE); KPHOATEH-
THI TIpU Temrieparypax Hmwke —120°C (renmid, a3o0T,

Puc. 3. Tunel KOHACHCATHBIX 00pa30BaHUI, KOTOPBIE MOTYT 00-
Pa30BBIBAaTHCS Ha TEIUIOOOMEHHOH MOBEPXHOCTH (M300paskeHne
262.5X): @ — 4acTUYHO HECMAYMBAIOIIME KaIluld; O — YaCTUYHO
CMa4MBAIOLIME [ICEB/I0 KaIUIH WM JIOKAJIbHbIC UICHKH

KUCJIOpOJ, aproH). IloBEepXHOCTHOE HaTsXKEHUE
TAaKUX BEIIECTB B JKUIKOM COCTOSHMM KoOJeOmercs
B auarazone 1228 mH/m. Jliusg Boasl 5TOT moka3a-
Tenb coctarisger 72.8 MH/M npu 20°C. denomen
KOHJIeHcallu MapaHroHu [5] moka3bIBaeT BICOKHE
3HaueHMs KOA(PPHUIMEHTOB TEIUIOOTIAuH B PEXKUME
KameJbHOM KOHAEHCAWW il OMHApHBIX CMecei
U U1 MHOTOKOMIIOHEHTHOW KOHAeHcanuu. Bonpoc
¢ cynepruapopoOHBIMH MOKPHITHSAMHU B 3THX CIy-
yasX OCTAeTCd OTKPHITHIM. JIOMUHAHTHBIMH Mapa-
METpaMHy TIpY KOHACHCAUA MapaHTOHH SIBIISIOTCS
KOHLIEHTpAallKsl KOMIIOHEHTOB U TeMIepaTypa nepe-
OXJIQXKJICHUS TOBEPXHOCTH. TeMmepaTypHbIi ¢ax-
TOp, B CBOIO OY€pE/ib, OBJIEUET SIBHO BHIPAKEHHBIN
HEJIMHEHHBIA XapakTep W3MeHeHus kodddummenta
TEIUIOOTHAAYH.

3aBUCHUMOCTh IUIOTHOCTH TEIUIOBOTO IOTOKA
OT TEMIIEPaTypHOTO Hamopa Map—CTEHKAa MOXKHO
NpEeACTAaBUTh B 0e3pa3MEepHOM BHJIE, KaK 3TO TOKa-
3aHO Ha puc. 4.

4/ Gma

1.0

0.5

0.5 1.0 At/ Al yyar

Puc. 4. Kpusbie konnencanuu: / — 001acTh KaleabHOTO pekuma
KOHJICHCAINH; 2 — 001aCTh IJICHOYHOM KOHICHCAIMH; 3 — 001aCTh
CMEIIaHHOW KOHJEHCAIMH; 4 — CKaukooOpa3Has CMEHa peXuma
C KaleJIbHOTO Ha IUIEHOYHBIN; 5 — CKaukooOpa3Has CMEHa PEexkHU-
MOB C TJIEHOYHOT'0 Ha KalebHBIi; 6 — MIEHOUHbINH PeXKNM KOHIEH-
CalMu IPpH OTCYTCTBHUHU JTHO(HOOH3aLNU

JIns TIeHOYHOTO peXMMa KOHAEHCALUH JIOMH-
HUpYOMUM (akTopom Oyner nudQdy3nOHHOE CO-
NPOTHBJICHUE W OTHOCHTENHHO HH3KHE 3HAYCHUS
k03¢ GUIMEeHTOB TeruiooTRauu. Pe3kuit poct koo du-
IIUEHTOB TEIIOOTJaYH JOCTUTAETCS 33 CUET YMEHb-
menus qud@y3nonHoro conportusienus. Ha kpuBoit
KOHJ/ICHCAITMH KalleIbHBIA PEKUM MOXKET CYIIECTBO-
BaTh B MIMPOKOM JHMANa30He TEMIIEpaTypHBIX HAIo-
poB (cM. puc. 4). 3HAUUTENbHBIC MEePEOXITAKICHUS
NPY MHUHUMAJIBHBIX TEIUIOBBIX MOTOKAaX YKa3bIBAIOT
Ha 3aBepILCHUE CMEHBI PeXKUMOB KOHJeHcanuu. [Ipu
CMEHE PEKUMOB KOHJICHCALMU MOXKET MPOSIBUTHCS
SIBICHUE THUCTEpe3uca COOTBETCTBYIOIIEH KPHBOIA.
[lepexomHbie peKUMBI C MPHUCYITUAMH UM CIIOXKHBI-
MU TUHAMUYHBIMHA U3MEHEHUSIMHA (OPM KOHJCHCAT-
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HBIX 00pa3zoBaHuil (cM. puc. 2, 3), sIBISIOTCS BeCbMa
CJIOKHBIMU TS YTIPABICHUS M ONTUMHU3AIHH.

3aknroyeHue

Jns opraHuzanii Ipolecca KarnelbHOM KOH-
JNeHCAllMM  HEOOXOIMMBI  YCTOWYMBBIE THAPO-
n nrodoOHeie moBepxHocTH. CynepruapodoOHbie
MOBEPXHOCTH 00€CIIEUNBAIOT YIYUIIEHHBIE YCIOBUS
JUTSI yaalieHus] KOHIEHCATHOH (pas3bl ¢ TETI000OMeH-
HOU MMOBEPXHOCTH U, KaK CJIECTBHE, UHTEHCU(HIIN-
pytoT TeroooMeH. Ilpu kamenbHON KOHAEHCAIUU
Ha CcynepruapopoOHbIX MOBEPXHOCTIX HaO0aa-
IOTCS BBICOKHME 3HAYeHHS KOIPPHUIIMEHTOB TeTl-
JOOT/Ia4M, KOTOpPbIE 3HAYMTEIHHO TIPEBHIIIAIOT
COOTBETCTBYIOIINE 3HAYSHHS JIJIsI TNIEHOYHOM, I1CEeB-
JIOKaMeNbHOW M KarneJIbHON KOHICHCAMH Ha c1a0o-
ruIpo(OOHBIX TOBEPXHOCTSIX C YIJIaMH KOHTaKTa
ot 90°. CyneprunpohobHbie TOBEPXHOCTH TPEOYIOT
JATBHEUIIIETO CBOETO PAa3BUTHUS U MCCIIEIOBAHHM.

BaxXHBIMH OCTAIOTCSI TIOMCKH AJIbTEPHATUBHBIX
METO/IOB OpraHM3allUM KaleJbHOW KOHIEHCAllUH,
M3yYeHUE CcaMoro Mpolecca U XapaKTepHBIX s
HEro MexaHm3MoB. [IOMCK HOBBIX MOJXOJOB OT-
HOCUTCSI K TPAHCIIOPTHPOBKE KOHJEHCAaTa, Halpu-
Mep MOJ JACHUCTBHEM JIIEKTpUYECKUX moJieid. boiee
JIETAIbHOTO HUCCIIEJIOBaHUsI TPEOYIOT MPOLECCHI
KOHJICHCAIIMH BEUIECTB ¢ MAJIbIMU 3HAYCHUSIMHU KO-
3G GUITMEHTOB TOBEPXHOCTHOTO HATSDKEHUsS. Takon
MPOIECC SABISICTCS TPYTHOAOCTHRUMBIM. ekt
MapaHronu OMHapHBIX CMECei MOXKET CITYXKHTh yC-
JIOBHBIM HA4yaJIOM OTCUE€Ta JJIsl PeLIEHUs MOT00HbBIX
npobnem [5].

KonpeHcamus BonsHOTo napa ¢ MCIoiIb30BaHUEM
CTUMYJIITOPOB JIMHENKH BeniecTs [ naposddexr-Ha-
HOIIPOTEK COOTBETCTBYET IPOMEXYTOYHOMY IO-
JOXKEHUI0 MEXAy ciabo- U cynepruipopoOHbIMU
KOHJICHCAllMOHHBIMU TTOBepxHOCTsMU [6, 7]. Ilpu
BBIIIOJTHEHUH PsAia JAOMOJHUTENIBHBIX YCIOBUH MPO-
necc Oyaer mpuOIMmKaThes K CynepruapohoOHbIM
MOBEPXHOCTSIM.
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On superhydrophobic surfaces’ application perspectives

A.S. Gavrish, A.N. Shevchenko, T.A. Misyura

NTUU Igor Sikorskiy KPI”, Kiev, Ukraine;

e-mail: andrew_gavrish@ukr.net

The analysis of dropwise condensation on various surfaces from the viewpoint of obtaining
super hydrophobic properties was performed. Heat exchanging surfaces made of various metals
were being considered. To form a hydrophobic covering various surface-active materials were
considered. Several specifics of the process mechanism and heat exchange regularities while
dropwise condensation were analyzed. The results may be employed for the efficiency increase of

heat-exchangers of various purposes.

Keywords: super hydrophobic surface, condensate formations, dropwise condensation,

filmwise condensation.
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Pepakuwms xypHana «Tennosble NMpoLecchl B TEXHUKE»
C Npuckopbmem coobLLaeT o npexxgeBpeMeHHON KOHYNHE
yfieHa pefakuMOHHOM Konermm
FopsinHoBa JleoHnpga AnekceeBun4a.

J1.A. l'opsinHoB BHeC 601bLLOV BKNag, B pa3BuTve Teopum
TEnno- n MaccoobmMeHa, B HaCTHOCTW, NPW BblpalLMBaHUK
MOHoKpucTannos. C caMmoro Ha4ana OCHOBaHus XypHarna
lopsinHoB J1. A. NpuHMMan akTuBHOe y4YacTue B paboTte
pefakuMoHHOW KOMnermm n cCogencTeoBas passuTuto
N CTaHOBJIEHUIO XYypHana.
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